Abstract. In this paper, the physical parameters of human body in passive state are identified based on Local Mean Decomposition (LMD). The time-acceleration signal of human shoulder is gathered in the shooting test. LMD is used to obtain the Product Function (PF) components of the signal. The frequency-damping ratios are calculated at last based on the PF components. The comparison with existing parameters shows that the identification result is credible, and they are of great importance for the study of human biomechanics.
Introduction
The identification of modal parameter of structures is widely used in mechanical engineering, aerospace, civil, defense industry and other fields. In accordance with whether the system's stiffness, damping, or mass parameters will change with time, the system can be distinguished as time-varying and time-invariant system. There are many researches about modal parameter identification method for both systems, which are also more mature. However, the researches have not yet involved biodynamics, which is the development direction of mechanical engineering and similar fields.
The human body is a complicated system. According to the biology research [1], the reaction time of the nervous system is about 150~200ms, while the reaction time of muscle is above 350ms. Take a weapon with firing rate of 600 rounds per minute [2] for example: while shooting rounds are less than three, the shooter is still in passive state, the muscle is not energized. During this period, the stiffness and damping of human body are considered to be constant. However, when shooting rounds are over three，the shooter is in active state, and the muscle is energized. During this period, the stiffness and damping of human body are considered to be changed.
In this paper, a shooting test of one round is analyzed for two reasons: 1) the human body is in passive state, so the stiffness and damping are constant; 2) the force duration is very short, so the human body can be considered as free vibration. The time-acceleration signal of human shoulder is gathered in the test. Then, LMD is used to process the signal, and the PF components are obtained. The Modal Natural Frequency i f and parameter i n are calculated by liner fitting the instantaneous frequency and instantaneous amplitude (after natural logarithm). The Frequency-Damping Ratios are calculated at last by dividing i f by i n . Results in reference [3] show that the identification result is credible.
Parameter Identification Method

A. LMD
The Local Mean Decomposition (refers to LMD) can self-adaptively divide a multi-component signal into several PF (Product Function, refers to PF) components with physical significance [4] . Each PF component is the product of a pure FM signal and an envelope signal, and the instantaneous frequency of the component is directly educed from pure FM signal, and the envelope signal is the amplitude. The original signal and its time and frequency distribution can be obtained by combining the instantaneous frequency and amplitude of all components. Essentially, the LMD method means dividing the multi-component signal into frequency-modulated and amplitude-modulated signals. The free vibration system's differential equation is as follows:
M, C, K means the mass matrix, stiffness matrix and damping matrix, X(t) is the response signal of the system.
, where U is a constant matrix, the equation (8) will be as follows: 
Identification Example
The shooting test is carried out with high-speed photography. So the time-acceleration signal of human shoulder is gathered by calculating the movement of the mark point. The shooting conducts one round, and the cycle time is about 100ms. It is very short compare to the time of body movement. So the human body can be considered as free vibration.
The top view of shooting test is showed in Fig.2 , where "0" is the mark point: Fig. 2 Top view of shooting test The time-acceleration signal of human shoulder is showed in Fig.3 . Fig. 3 Diagram of time-acceleration signal of human shoulder
The LMD result of time-acceleration signal is showed in Fig.4 , there are three natural frequencies of the human shoulder movement. The calculation results of i n and i f are showed in Fig.5 , the full lines are the calculation results and the dashed lines are the liner fitting results. The spectrum of the calculation results should be liner theoretically, but they in fact have some small perturbations. That is because: 1) free vibration hypothesis; 2) riding waves in LMD; 3) noise interference. Tab.1 is the parameter identification results, and the results in reference [3] are also presented. It shows that the identification results have the congruent relationship with reference [3] , and they are credible. 
Summary
In this paper, the physical parameters of human body in passive state are identified based on LMD. The parameter identification result shows two conclusions:
1) The parameter identification is credible, and it is more effective and programmable than the method in reference [3] . Therefore, it is of great importance for the study of human biomechanics.
2) There are 3 nature frequencies of human shoulder movement. That means the human shoulder's movement can be simulated with a dynamic model of 3 degrees of freedom. They are displacement, pitch and rotate.
